But gradually, over the years, water evaporated from reservoir surfaces or got choked by algal blooms; concrete crumbled under pressure and time; structures severed salmon migration, collected silt, and cost millions to repair or replace. Scientific studies of unforeseen negative impacts mounted. Slowly, then quickly, dam removal became an answer as well. It became a means for restoring ecologically degraded rivers. Now, the pro-dam lobby is the one making the conservative case for fiscal austerity, blasting some removals as too expensive, arguing that local owners, ratepayers, and taxpayers (who benefited from a dam) should not have to finance the dam's deconstruction (even though in many cases dam removal is the least expensive option in dam decisions). They demand economic compensation for any displaced downstream irrigators, sawmill operators, energy consumers, or marina owners (who in turn once displaced the tribal fishermen). They agitate over the social rights of landowners around the reservoir, who moved in thinking the dam would stand safely forever, cost free. Surely, they say, other options must be pursued. Most ironic, it is the pro-dam lobby that presses for extensive, time-consuming environmental studies about potential impacts of removal in the face of uncertainty.
It would seem easy to brush off such concerns as hypocritical, given the dam proponents' earlier blasé expediency or their rush to press new dams elsewhere. With dams on the And lest there be any misunderstanding, my own stand on consensus-based dam removal is on the record. It became increasingly pronounced over the past half-decade as I graduated from one level to the next, embracing sledgehammer, jackhammer, wrecking ball, sky crane, and even C-4 plastic explosives to help dismantle dozens of obsolete structures, structures that had either outlived their function or outweighed their benefits with costs that society was no longer willing to pay.
The change has come. The heyday of dams has come and gone. From my perspective, there is no turning back.
Yet some questions over dam removal linger and should not be too quickly or easily dismissed. They deserve thoughtful answers and, more important, scientific follow-up documentation to back those answers up. The impacts of dam de-construction should be carefully estimated before removal and objectively evaluated afterward, even if-especially if-both predam and postdam examinations were never conducted when the dam was built. And dam proponents should be recognized even by-especially by-those same dam opponents who were excluded from past decisions to build.
Why? Why hold dam removal to a higher standard than construction ever faced? Because if such concerns go unanswered, the future of dam removal may eventually erode to become as vulnerable, unstable, and obsolete as some of the dams it will erase.
In one respect, the dam removal juggernaut is proceeding on solid ground. As shown in this issue of BioScience, many leaders at the local and national levels follow the precautionary principle, asking the right questions and raising issues in advance. Moreover, in-depth explorations that address broad stakeholder interests are being conducted by the Heinz Center and Aspen Institute, among others. Some dams are better candidates for removal than others, such as those where the benefits of removal outweigh the uses and benefits of the dam. And scientific study can help to identify the best candidates.
Rather than simply exchange the old simple approach to dams (build now, ask questions later) with a new, equally simple plan (remove now, analyze outcomes later), these initiatives have begun to recognize the socioeconomic and ecological complexity of what we are doing, and they affirm our obligation to the past, to each other, and to our surroundings. In carrying out our obligation, we can use what we have learned from the impacts of dams to help model, predict, and monitor the impacts of their absence.
Science has made it increasingly and painfully clear that a single dam can produce impacts that extend the entire length of a river and beyond, damaging nearby estuaries, beaches, and ocean and adversely affecting biodiversity on a regional scale. Likewise, we must continue to use science to inform and explain the costs and benefits of removal throughout the watershed.
This can take time. Edwards Dam on the Kennebec River in Maine underwent years of study before its removal. At Savage Rapids Dam, another prime removal candidate on the Rogue River watershed, environmental and economic impact studies go back more than a decade.
It can also involve watershed economies. Before undertaking removal of Glines Canyon and Elwha Dams on the Olympic Peninsula of Washington, the Department of the Interior compiled a history of impacts on fisheries in the watershed and began modeling the expected impacts of silt changes in the river and at the mouth of the stream to ensure that the final decision incorporated shellfish harvests at the delta as much as angling revenues in the headwaters.
In addition, estimating impacts in advance can save time and money. The Bureau of Reclamation has begun taking coring samples of the sediment clogged behind the 190-foot-high Matilija Dam in Southern California. By doing so, they can begin to develop and test models as to possible movement, quality, impacts, and aquatic health once the dam comes down. It helps point the way toward the safest, most cost-effective way of getting all that sand from the shallow reservoir back down to the beaches, which have been without it for the past four decades. One emerging possibility is to do this gradually, stage by stage, layer by layer, to minimize impacts to endangered steelhead while opening up their spawning habitat.
This last example, considered the largest dam removal project under way in the world right now, raises a commonsense point that should be made nonetheless: Size matters. The larger the dam, the more extensive the impacts, and thus the more thorough and extensive the scope of preremoval analysis should be. Conversely, there is less reason to do a 5-year environmental impact analysis for removal of a 6-foot-high abandoned dam.
Each example teaches us more about the potential, the possibilities, and, well, the limits of our understanding about dams and dam removal. What works or fails in one place may not apply on another river. By exposing the gaps, we can fill them. By recognizing where there is a need for caution, we can proceed with more confidence. Through documentation and analyses of case studies, we can be guided by the light of science rather than curse the darkness in which we must make projections.
Most recent complex dam removals have proceeded after analysis of potential impacts and consideration of dam proponents' concerns. For the most part, the pressing issues have been raised in advance, and the right questions have been asked. But have they been well answered? Not as completely or thoroughly as they could be, which highlights why and where we can demand more scientific information. Not just to project impacts and outcomes in advance, for this is being done, but also to confirm that predicted benefits were in fact met and that no negative impacts occurred.
It has been disturbing, looking back, to realize that despite the scale and cost and hype over the past century, almost no postproject scientific analysis was ever done on dam construction. We cannot let that shortcoming extend to dam removal, despite several obstacles.
One obstacle is sheer velocity. What once appeared impossible suddenly seems inevitable. Five years ago, people asked of dam removal, Why? or whether. Society now asks: Which ones, when, and how? Each year that I was with the interior department, I was so busy rushing to champion dam removal events-in Oregon, Washington, Wisconsin, Maine, North Carolina, Pennsylvania, and California-that it was hard to distill the patterns and to follow up to ensure expectations were met. But moving from one project to the next does not mean we cannot revisit those removals to assess and determine whether expectations were met.
Another obstacle is overcoming our instincts. Removal feels so right and makes so much sense to so many: Surely, consensus-based dam removal would heal the hidden wounds that dams inflicted, restore river functions, bring back the anadromous fisheries from coast to coast. There are signs and suggestions that it is doing just that. It is gratifying to learn that, for the first time in many decades, thousands of Chinook swam up Butte Creek past the site of the former McPherrin Dam, Atlantic salmon and striped bass migrated up the Kennebec past the old site of Edwards Dam, vast schools of shad spawned (and were caught by fishermen) up the Neuse River on the outskirts of Raleigh. But even though we have anecdotal evidence of improvements, there is little hard evidence to confirm it. The lack of studies cries out for new research and peer-reviewed papers by experts in social, economic, and ecological fields.
A third obstacle is economic limits-that is, cost. Not one removal I took part in came top-down from Washington, DC. Each opportunity was driven upward, by local necessitysafety, cost, health, imminent extinction, budgets, and litigation. Local forces were the mothers of invention; we adapted our approach, funding, constituency, answers, funding, tools, and management to the unique needs of the watershed in which the dam belonged. That is politically sound but economically difficult. It often proved hard enough to scrape together funds to ensure safe, low-impact removal, let alone to set aside money for postremoval studies.
These obstacles explain our current situation but do not explain it away. However powerful, no force is an adequate, long-term substitute for clear, science-driven, consensusbased, and transparent written and accountable policy. Decades ago, dams were built to meet certain laudable goals, goals few can object to even in hindsight. But goals are not enough, unless they are met and, more important, shown to have been met. Dam removal, with equally laudable goals and carried out carefully with the best of intentions, cannot neglect the process of collecting and evaluating the evidence to determine whether the goals were met. This process of evaluation is the cornerstone of adaptive ecosystem management.
The proper role of science is to light candles in dark corners. It should reveal paths that can guide and improve decisions by society. This is the case in conservation issues like endangered species, forestry, fire, wetlands, and air and water regulations. Yet when it comes to dams, and now to dam removal, all too often, rather than illuminate and lead policy well ahead of us, the academic field follows from behind.
But in issues like the one in your hands, we show that we are learning lessons from our history. Specifically, we are learning from our legal, societal, ecological, hydrological, economical, biological, and conceptual history of both dams and dam removal.
On that note, let us tip our hats here to those groups and foundations and scientists and land managers who not only herald the healing success stories involved with dam removal that we are proud of, but who are also brave enough to highlight the disappointing outcomes that we learn from.
For wherever we act, there is the potential for wounds to be inflicted and mistakes to be made-mistakes of planning, of expectations, of understanding, and of execution. Though its impacts appear far more beneficial than costly, let us still be humble. Dam removal, like dam construction, is not an end unto itself, only a means to an end. It is a means by which humans can live more responsible lives in harmony with creation, a means that requires the illumination of science, ensuring that we look clearly back, and down, before we can truly move forward on solid ground together.
The lack of studies cries out for new research and peer-reviewed papers by experts in social, economic, and ecological fields.
